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Abstract — The aetiology of brain tumours is poorly understood. Due, in part, to public concern about a postulated relationship
between the use of cellular telephones or other increasingly prevalent environmental exposures and the incidence of brain cancer
in adults, the National Cancer Institute is collaborating with three US hospitals in a comprehensive case—control study of malignant
and benign brain tumours. Factors under consideration include use of cellular phones and other wireless communication devices,
workplace exposures to chemical agents and electromagnetic fields, dietary factors, family history of tumours, genetic determinants
of susceptibility, home appliance use, reproductive history and hormonal exposures, viruses, medical and dental exposure to
ionising radiation, and other aspects of medical history. Approximately 800 newly diagnosed brain tumour cases and 800 controls
were enrolled at hospitals in Boston, Phoenix and Pittsburgh from 1994 to 1998. Cases include all adults (age = 18 y) newly
diagnosed with a histologically confirmed intracranial glioma, histologically confirmed intracranial meningioma or acoustic
neuroma. Controls are patients admitted to the same hospitals as the cases, and treated for any of a variety of non-malignant
conditions. Key features of the study include its large size, the emphasis on rapid ascertainment of incident cases and interview
of study subjects rather than surrogate respondents, the use of detailed, job-specific questions developed by industrial hygienists
to ascertain occupational exposures, and the storage of blood samples for future evaluation of inherited susceptibility, biomarkers
of exposure and gene—environment interactions.

INTRODUCTION industrial chemicals, pesticides, food additives (most
recently, aspartame) and magnetic or electric fields‘*™.

In response to such concerns, and to explore a variety
of other leads concerning possible causes of malignant
and benign brain tumours, the US National Cancer Insti-
tute (NCI) is collaborating with three major medical
institutions on a comprehensive aetiological study that
is addressing a wide range of environmental, behav-
ioural and genetic factors. The study design incorpor-
ated distinctive features that might be applicable in other
studies of brain tumours or other chronic diseases, parti-
cularly with respect to occupational exposures. Herein,
an overview of study methods and preliminary descrip-
tive information concerning study participants is
presented.

Brain cancer is among the most feared of cancers
yet also is among the least well understood”. Incidence
rates rose an average of 1.2% per year in the US during
the 1970s and early 1980s, but have remained fairly
stable since the mid-1980s, except among the elderly®.
Although it seems likely that the pattern is mostly
attributable to improved detection and reporting of brain
tumours®~>, some observers contend that the increase
is real and evidence that exposure to one or more
important environmental carcinogens has increased ¢,
There has been widespread attention in the media to the
possibility that the microwave frequency radiation emit-
ted by hand-held cellular telephones causes brain can-
cer. Hand-held cellular phones were introduced to the
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rlngagrget in 198449 and not in common use uniil the METHODS
s, so they cannot explain an increase in incidence
of brain tumours before the mid-1980s. Other environ-  Setting
mental agents that have attracted attention and concern

in the context of this putative secular trend include The study is being conducted at hospitals in three large

cities in the United States: St Joseph’s Hospital and
Medical Center (including Barrow Neurological Institute)
* Present addresses: J. D. B., International Epidemiology Insti- i Phoenix, Arizona; Brigham and Women’s HQSPItal n
tute Ltd, Bethesda, MD 20850, USA. D. J. W., Merck Research ~ Boston, Massachusetts; and Western Pennsylvania Hospi-
Laboratories, Blue Bell, PA 19422, USA. tal in Pittsburgh, Pennsylvania. Criteria for choosing
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participating hospitals included that the hospital be in
an urban setting and treat a large number of newly diag-
nosed adult brain tumour patients each year, that inter-
ested clinical collaborators with extensive experience in
clinical research studies of brain tumours could be ident-
ified, and that other epidemiological studies of brain
tumours not be in progress at that institution. Data col-
lection began in 1994 and was completed in 1998.

Enrolment of cases and controls

Eligible cases were individuals newly diagnosed with
an intracranial glioma, intracranial meningioma or
acoustic neuroma and seen at one of the participating
hospitals during the indicated time period. Histological
confirmation was required, except for acoustic neuroma,
for which a diagnosis based on a magnetic resonance
imaging (MRI) scan was sufficient. Additional eligi-
bility criteria included: age at enrolment = 18y, resi-
dence within 50 miles of the hospital (or within the state
of Arizona for the Phoenix centre) and ability to under-
stand English or Spanish. Some brain tumour patients
enrolled in the study were diagnosed elsewhere and then
referred to the participating hospital for treatment or
other services. The operational definition of ‘newly
diagnosed’ was that a patient be seen at the participating
hospital within eight weeks of the date of first micro-
scopic diagnosis. The majority of cases were inter-
viewed within three weeks of microscopic diagnosis.
Pending final determination of eligibility, enrolling
approximately 500 patients with glioma, 200 with men-
ingioma and 100 with acoustic neuroma is anticipated.
Separate analyses will be conducted for each of these
tumour groups. The occurrence of multicentric tumours
and location of tumour(s) within the cranium, including
laterality and lobe of brain, were documented based on
radiological and surgical reports.

The control series consists of patients admitted to a
wide array of services (including neurological, neuro-
surgical, general surgical, urological, cardiac, pulmon-
ary, gastrointestinal and trauma) at the same hospitals
as the cases for any of a variety of other, non-malignant
conditions. For a patient to be eligible, the pre-hospital-
isation duration of symptoms for the primary condition
associated with the current admission could not exceed
five years, but more than 90% of patients were inter-
viewed within one year of onset of symptoms. Controls
were frequency-matched to cases, in a 1:1 ratio, based
on hospital, sex, race, age and proximity of residence to
the hospital. Age, language, and geographic restrictions
applied equally as for cases, and accrual of cases and
controls occurred contemporaneously. The algorithm
used to guide the frequency matching incorporated
current data about subject accrual and updated the target
numbers for controls with specified characteristics at
each hospital on a weekly basis‘'V. The choice was to
include a wide variety of conditions in the control series,
rather than just several, because many different
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exposures are to be evaluated. During data analysis, dif-
ferent subgroups of controls may be excluded from spe-
cific. analyses, contingent on the a priori suitability of
the illness or condition for evaluation of the particular
risk factor under consideration.

Research nurses with extensive experience at their
respective hospitals served as study coordinators. They
were knowledgeable about hospital organisation and
procedures, knew who the key contact persons were,
and had strong support from collaborating neurologists,
neurosurgeons, neuro-oncologists, radiation oncologists,
other physicians, and nursing, laboratory and adminis-
trative staff. They monitored hardcopy records and com-
puterised databases (admission, surgery, neurology,
neurosurgery, radiology, pathology and other depart-
ments or services as necessary) on a daily basis and
communicated with nurses and other hospital staff
several times per week to ensure rapid ascertainment of
potentially eligible cases and controls. They also
attended weekly brain tumour conferences at which
physicians presented data for new cases and discussed
treatment plans. These redundant mechanisms helped to
ensure complete and timely ascertainment.

Physicians who regularly treat patients in the services
from which cases and controls were enrolled were pro-
vided with a description of the study. When potentially
eligible patients were identified, attending physicians
were contacted to request permission to approach indi-
vidual patients. After obtaining physician approval,
study coordinators sought the informed consent of
patients, or a family member if the patient was incapaci-
tated. Very few physicians denied access to their
patients, and 92% of contacted eligible cases and 86%
of contacted controls (or their proxies) agreed to partici-
pate in the interview phase of the study.

Power

At the inception of the study in 1993, there were an
estimated 3 million-plus hand-held cellular telephones
in use in the US. On the belief that the prevalence of
cellular phone users is greater in urban than in rural
areas, and among adults rather than children, it was
assumed that a minimum of 2% of controls in the
present study would have used hand-held cellular
phones on a regular basis, defined as at least two calls
per week. If so, a study of 800 cases and 800 controls
would have 80% power to detect a relative risk (RR) of
2.1 (& = 0.05, one-sided) and 99% power to detect a RR
of 3.0. For glioma, comprising 500 of the 800 cases, the
study would have 80% power to detect a RR of 2.3. For
acoustic neuroma, the power to detect the same RR
would be 48%.

The growth in use of cellular phones has been rapid,
and our initial estimate of prevalence of exposure was
probably too low, perhaps by a factor of several-fold.
If so, the power could be greater than indicated above,
but only if the latency period is very short. Widespread
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use of cellular telephones is a recent development, and
insufficient time has passed to accomodate a lengthy
cancer induction period. However, it is widely assumed
that, if magnetic fields cause cancer, they act at a late
stage in the process. Furthermore, the study was
initiated, in part, because of public concern that gliomas
occurring at the time were caused by cellular phones.
The present study should be able to clarify whether
these concerns were well founded, but it will have lim-
ited power if the induction period is greater than five
years.

The preceding calculations can be generalised to
other exposures and indicate that the study should have
adequate power for exposures with prevalences
exceeding several per cent.

Interview and questionnaire

Information about risk factors was obtained in several
stages. First, a structured personal interview was admin-
istered in the hospital by the research nurse shortly after
the patient’s diagnosis or admission. This interview
covered use of portable telephones, occupational his-
tory, hobbies with potential for solvent exposures, per-
sonal and family medical history of selected diseases,
reproductive history, and use of tobacco and hair colour-
ing products. Information about religion, highest level
of schooling completed, marital status, place of birth,
household income and type of medical insurance cover-
age also was collected.

The interview involved intricate branching and skip
patterns and was administered using a computer-assisted
technique, which readily accomodated a complex inter-
view structure and allowed for the incorporation of
range and consistency checks while the interview was
in progress. The computer-assisted personal interview
(CAPTI) program was installed on laptop computers, and
the interview was administered at the patient’s bedside
or other suitable location in the hospital. Each interview
was audiotaped, subject to the patient’s consent, and
audiotapes became part of each subject’s file, with due
safeguards to ensure confidentiality. Close family mem-
bers, preferably spouses, were encouraged to assist the
subject in recalling past events or habits. For each sec-
tion of the interview, the interviewer recorded whether
the subject, proxy, or both provided most of the
answers. If the subject and proxy disagreed about the
answer to a particular question, and the disagreement
could not be resolved, the subject’s response was
recorded. A translator assisted with the interview for
Spanish-speaking subjects who did not speak English.
On average, the interview lasted approximately one and
one half hours.

In addition to the personal interview, each subject or
his or her proxy was given a supplemental, self-
administered paper questionnaire covering diet, alcohol
consumption, vitamin supplements and home use of
electrical appliances. The study coordinator provided
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detailed instructions and a stamped return envelope. The
patient was encouraged to complete the questionnaire
with the assistance of a family member while in the
hospital. The study coordinator offered to assist if the
patient was unable to fill out the form by him- or herself.
Patients who failed to return the questionnaire were con-
tacted by telephone up to two times to remind them or
offer assistance. Study participants were paid a small
sum in compensation for their time. All completed self-
administered questionnaires were keyed into the com-
puter twice, and data records were compared to detect
errors in data entry.

Patients were enrolled in the study even if seriously
impaired, but the interview sometimes was delayed.
Surrogate respondents were used for aphasic subjects
or those who did not recover sufficiently to participate
themselves. If a patient’s physician advised that signifi-
cant improvement was unlikely, a surrogate, preferably
a spouse, was interviewed at the earliest possible time.
The time period during which the surrogate had known
the patient was recorded. As of June 1996, nine per cent
of case interviews and four per cent of control inter-
views had been conducted with a surrogate only, that
is, without the participation of the study subject. For
each section of the interview, the interviewer assigned
a subjective rating for the quality of information
obtained from the study participant.

The interview and self-administered questionnaire
were pre-tested on several brain tumour and other
neurosurgical patients. Development of the question-
naire included cognitive pre-testing, in which the sub-
ject verbalises his or her thought process while answer-
ing each question®. Difficult, ambiguous, or
misleading questions were then revised. A seven-day
centralised training session was held for study coordi-
nators from the three field centres. Multiple practice
interviews were conducted during and after the training
session. Each hospital was visited by supervisory staff
shortly after the start of data collection, and again sev-
eral months later, to ensure that proper procedures were
being used. After six months of data collection, a three-
day ‘refresher’ training session was held. Site visits con-
tinued on a semi-annual or annual basis. Frequent, regu-
larly scheduled conference calls that included field and
supervisory staff and NCI investigators provided a
forum for discussing and resolving problems.

The audiotapes of interviews served several purposes.
First, they provided the opportunity for ongoing moni-
toring of interviewer technique. Second, they served as
a check on the accuracy of data entry. Supervisory staff
listened to entire tapes while viewing keyed responses
for 100% of the the first ten interviews for each inter-
viewer (five cases and five controls), 10% of the next
100 interviews, and 5% thereafter. There was 100%
review of the tapes for the portable telephone section of
the interview. Third, data inconsistencies and outliers
could be checked by listening to the tapes.
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Blood samples and processing

For consenting cases and controls, 27 ml of blood
(one 10 ml serum separator tube (SST) and two 8.5 ml
acid citrate dextrose (ACD) tubes) were collected. Pro-
cessing consisted of centrifuging the SST and ACD
tubes, separating and aliquoting serum and buffy coat,
and storage at —=70°C at each hospital for up to one
month prior to shipment on dry ice to an NCI biospeci-
men repository, where samples are stored at —70°C. The
protocol was amended halfway though data collection
to include obtaining viable lymphocytes. Collection of
blood samples will enable us to explore a variety of
questions pertaining to (i) inherited susceptibility, such
as germ-line mutations in tumour suppressor genes and
polymorphisms in metabolic or DNA repair enzymes,
(ii) mutagen sensitivity and (iii) gene-environment inter-
actions, and to assay biological markers of past
exposure to environmental agents, including viruses.
Blood samples typically were collected after surgery but
before patients began radiotherapy or chemotherapy.
Most cases will have been on steroidal medications
before blood samples were obtained, and the possible
effects of such treatment will need to be taken into
account for some of the endpoints of interest.

SPECIFIC EXPOSURES UNDER STUDY

Cellular phones and other wireless communication
devices

A variety of types of portable telephone exist, of
which only one, hand-held cellular phones, has elicited
concern as a possible cause of brain cancer!'®. Data
were collected separately for hand-held, car (mobile),
and transportable (‘tote’) cellular phones, as well as for
cordless phones. Questions addressed type(s) of portable
phones used, dates of first and last use and usual level
of regular use. A recent study indicated a reasonably
high correlation (Spearman r=10.79) between self-
reported weekly cellular phone use and the amount of
use reported in billing records when the respondent
reported being the sole user of the phone”®. The ques-
tionnaire also asked about which hand usually was used
to hold the phone when talking. This information can
be used together with data on tumour location to assess
the anatomic distribution of tumours with respect to
radiofrequency energy deposition due to cellular
phones'?. However, the possibility of biased reporting
of laterality of phone use by cases must be taken into
consideration. It also is possible that impaired hearing
due to a preclinical acoustic neuroma might influence
hand choice.

Because of concern that some people might mistake
cordless phones for hand-held cellular phones, and
cordless phones are more commonly used, considerable
care was given to making the distinction clear. A card
displaying photographs of examples of different types of

portable phones was shown, and the interviewer script

. included a description of distinguishing features, includ-
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ing that cellular phones typically had their own phone
and billing numbers, whereas cordless phones could
have the same numbers as other household phones.
Names of local cellular service providers were men-
tioned, as these often were different from the regular
(non-cellular) vendors.

Questions also were asked about use of ham and citi-
zens’ band (CB) radios, other portable two-way radios
and walkie talkies and paging devices (‘beepers’). Ham
radios operate in the microwave frequency, and
Milham® reported a non-significant excess of brain
cancer among amateur radio operators. Pagers do not
transmit signals at all. These devices were included not
on the suspicion that they might cause brain tumours,
but as a further basis for assessing the specificity of any
observed associations between brain tumour risk and
use of wireless communication devices.

Occupational exposures

Exposures of leading interest include organic sol-
vents, vinyl chloride and other chlorinated hydro-
carbons, polycyclic aromatic hydrocarbons, fuels,
engine exhausts, lubricating and other oils, pesticides,
heavy metals, welding fumes, N-nitroso-compounds,
magnetic and electric fields of different frequencies, and
loud noise (for acoustic neuroma).

A comprehensive, lifetime occupational history was
obtained, including start and stop dates for each job and
job-specific questions developed by industrial hygienists
to clarify the likelihood and extent of an individual’s
exposure to particular agents. These included questions
about tasks performed, the frequency and duration of
use of various types of equipment and chemicals, the
presence of engineering controls and the use of personal
protective gear. Detailed questionnaires were developed
for 64 jobs, which were expected to cover at least 40%
of the total jobs reported, based on experience from pre-
vious studies!'®'”. Modules of questions for specific
jobs were invoked through computer linkages of
responses to job-history questions with lists of syn-
onyms used to describe jobs"®. For other jobs, not
covered by a module, generic questions were asked con-
cerning job title, activities, and chemicals, materials,
tools and equipment used. Full- and part-time jobs
were distinguished.

A computer file containing all of the subject’s
responses to the occupational history section of each
interview, but no identifiers of case—control status, was
forwarded to an industrial hygienist at NCI within two
weeks of completion of each interview. The industrial
hygienist reviewed the data promptly to determine
whether additional questions needed be asked to ascer-
tain a person’s likely extent of occupational exposure to
specific agents. If additional information was required,
the industrial hygienist provided, within 1-2 weeks, a
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short list of follow-up questions to be asked in a sub-
sequent ten minute interview. This follow-up interview
was conducted in the hospital or by telephone if the
patient had been discharged.

Exposure assessment will incorporate several features
in an attempt to overcome limitations of previous stud-
ies. These limitations include involving an industrial
hygienist only in the exposure assessment phase of the
study, and not during study design and data collection;
the assumption that all people holding a particular job
have the same chemical (physical, biological) exposures
and at the same levels; the semi-quantitative nature of
exposure assessment, which hampers comparability
across studies; and the lack of a systematic, formal
structure to exposure evaluation, which lessens repro-
ducibility. Our design builds upon the approach pion-
eered by Siemiatycki and colleagues'®-2" and methods
described by Stewart and Stewart'®1?. Details were
discussed more fully by Stewart et al!'®,

Family history

Data about family history of disease were collected
systematically only for first-degree relatives. All living
and deceased first-degree blood relatives were enumer-
ated, including dates of birth and death. The respondent
was then asked whether any of the first-degree relatives
was ever told by a doctor that he or she had any of a
series of types of neoplasm or selected other diseases.
Age (or year) at diagnosis was recorded for each
affected relative.

Diet and vitamin supplements

The dietary questionnaire included sections about fre-
quency of consumption of fruits; vegetables; dairy pro-
ducts; grains; meat, poultry and fish; beverages
(including alcohol) and artificial sweeteners. Data also
were collected about types, frequency, and duration of
use of vitamins and mineral supplements. Dietary
exposures of special interest include nitrates and nitrites,
fruits and vegetables, vitamins C and E, B-carotene and
folate®, Nitrates and nitrites react with other dietary
constituents in the stomach to form N-nitroso com-
pounds (nitrosamides and nitrosamines). Nitrosamides
are potent neurocarcinogens in a variety of mammalian
species®?¥, and the possible role of N-nitroso com-
pounds in the aetiology of brain tumours in humans has
attracted considerable interest®*>. Fruits and veg-
etables, vitamins C and E, and folate have been ident-
ified as possibly being protective against brain
tumours, 529,

Electrical appliances

The self-administered questionnaire also included
sections concerning use of the following appliances:
electric blanket, electric heating pad, electric water bed
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heater, bedroom humidifier, vibrating massage device,
hair dryer, hair curling iron, electric shaver, sound
system with headset, sound system without headset,
television, computer, microwave oven and electric
stove.

Reproductive history and use of exogenous
hormones

The possibility of hormonal involvement in the patho-
genesis of brain tumours is suggested by gender differ-
ences in the incidence of specific types of tumour-?7,
associations with reproductive factors in epidemiolog-
ical studies %% and results of animal experiments %3P,
Steroid sex hormone receptors are expressed in human
brain tissue®®>~>¥ and may play a role in the patural his-
tory of some brain tumours. In the present study, women
were asked about their menstrual and reproductive
history, history of gynaecological surgery or radio-
therapy, and use of birth control or oestrogen replace-
ment medications.

Other

Other exposures addressed in the interview include
cigarette smoking, use of chewing tobacco and snuff,
use of hair dyes (distinguished as to colour and degree
of permanency), and history of selected diseases, head
trauma, and therapeutic or diagnostic irradiation of the
head or neck area. Cranial radiotherapy is one of very
few clearly established causes of brain tumours”,

PROGRESS TO DATE

As of September 1998, more than 800 cases and 800
controls had been interviewed, but results for this
sample are not yet available. A preliminary inspection
of the data was carried out in June of 1996 for the 325
cases and 290 controls enrolled at that time. Selected
characteristics of these persons are presented in Tables
1 and 2. Seventy-one per cent of the cases were gliomas,
17% were meningiomas, and 11% were acoustic neur-
omas (Table 1). Overall, cases were split equally
between males and females, but there were relatively
more gliomas among males and more meningiomas and
acoustic neuromas among females. The average age of
cases was 52 years, and they were overwhelmingly of
white race.

The prevalence of selected risk factors in data col-
lected through mid-1996 are shown for cases and con-
trols combined (Table 2). Nearly one third of study part-
icipants reported having used a hand-held cellular
phone, although the proportion of regular users was con-
siderably lower. Preliminary results for cases and con-
trols combined indicate that 10% of study participants
used hand-held cellular phones at least twice per week
for at least three months (5.8% used such phones for at
least 30 min per week for at least three months). Nearly
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75% had used cordless phones, and about 5% reported
having used ham radios. Approximately 2.5% reported
having received radiotherapy to the face, head or neck
one or more years prior to the time of the interview.
One per cent of subjects reported having been diagnosed
previously with neurofibromatosis, and 5.5% reported at
least one first-degree relative with a brain tumour. More
than half had used electric blankets, and more than one
third had used hair curling irons. The relative fre-
quencies of patients reporting vitamin supplementation
were 30% for vitamin C, 20% for vitamin E and 7%
for B-carotene. Preliminary occupational data were
presented by Stewart et al'®.

Table 1. Characteristics of 325 cases and 290 controls
accrued up to June, 1996.

Characteristic Cases (%) Controls (%)
Type of brain tumour
glioma 232 (71.4) NA
meningioma 56 (17.2) NA
acoustic neuroma 37 (11.4) NA
Sex
male 163 (50.2) 132 (45.5)
female 162 (49.9) 158 (54.5)
Age at enrolment (y)
18-29 30 (9.2) 37 (12.3)
30-39 39 (12.0) 58 (20.0)
4049 81 (24.9) 63 (21.7)
50-59 57 (17.6) 51 (17.6)
60-69 64 (19.7) 48 (16.5)
=70 54 (16.6) 33 (11.4)
Race
White* 308 (94.8) 280 (96.6)
Black 9 (2.8) 7 (24)
Asian/Pacific Islander 3(0.9) 0 (0.0)
American Indian 3(0.9) 3 (1.0)
Unknown 2 (0.6) 0 (0.0)
City
Phoenix 153 (47.1) 120 (41.4)
Boston 107 (32.9) 88 (30.3)
Pittsburgh 65 (20.0) 82 (28.3)
Interview respondent
patient only 225 (69.4) 270 (93.1)
patient + co-respondent 69 (21.3) 9 (3.1)
proxy only 31 (9.3) 11 3.8)
Self-administered questionnaire
completed 270 (83.1) 220 (759
refusal 45 (13.8) 66 (22.8)
other 10 3.1) 4(1.4)
Blood sample
obtained 249 (76.6) 200 (69.0)
refused 47 (14.5) 65 (22.4)
other 29 (8.9) 25 (8.6)

NA: Not applicable
*Includes Hispanics and Mexican Americans.
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SUMMARY

Several features that were incorporated into the
design of the present study were intended to improve
upon previous aetiological studies of brain tumours.
First, only newly-diagnosed cases were enrolled, and,
with the exception of acoustic neuroma, diagnoses had
to be histologically confirmed. These restrictions reduce
the likelihood of confusing causes of brain tumours with
factors that influence their clinical course, of misclassi-
fying one type of brain tumour for another, and of mis-
classifying metastases from tumours of sites other than
the brain, important sources of uncertainty for tumours
ascertained solely from death certificates. Rapid case
ascertainment provides an opportunity to interview
patients about past behaviours and exposures before the
disease compromises their ability to recall this infor-
mation or respond to questions.

The approach that is being used to address occu-
pational exposures should improve upon methods used

Table 2. Frequency distributions for selected variables
included in the interview and self-administered
questionnaire, for 616 study subjects (cases + controls).

Characteristic Number (%)

Wireless communication devices (ever use)

hand-held cellular telephone 199 (32.3)
mobile (car) cellular telephone 121 (19.6)
transportable (tote) cellular telephone 103 (16.7)
cordless telephone 460 (74.6)
ham radio 33 (5.3)
Medical history
head trauma 124 (20.1)
neurofibromatosis 6 (1.0)
multiple sclerosis 5(0.8)
Family history
brain tumour 34 (5.5)
other tumour of nervous system 10 (1.6)
leukaemia or lymphoma 28 (4.5)
epilepsy 31 (5.0)
Electrical appliance use (= 3X in life)*
electric blanket 259 (51.8)
electric water bed heater 123 (24.6)
electric shaver 187 (37.4)
hair dryer 364 (72.8)
hair curling iron 183 (36.6)
microwave oven 466 (93.2)
Other*
cigarette smoking (= 100 cigarettes in 347 (56.2)
lifetime)
ever use of hair dyes 272 (44.1)

Vitamin supplements (> once/week for = 6 months)*

vitamin C 151 (30.2)
vitamin E 99 (19.8)
B-carotene 35 (7.0)

*Based on self-administered questionnaires for 500 study subjects.
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in previous studies of occupation and brain cancer, some
of which were based solely on usual occupation as
reported on death certificates or in cancer registry data.
Not only are such occupational histories incomplete, but
persons holding the same job title often were incorrectly
assumed to have experienced similar exposures.
Furthermore, population-based case-control studies
typically include a high proportion of proxy or next-of-
kin interviews, and surrogate respondents often do not
know the details of the subjects’ work. In the present
study, lifetime occupational histories were collected
directly from most study subjects, and job-specific ques-
tions formulated by industrial hygienists were included
to capture important within job-title variation in
exposures. The study design also allowed for prompt
review of work histories by an industrial hygienist and
the opportunity for follow-up questioning to fill in gaps
or resolve inconsistencies in interview responses.

The collection of blood samples — lymphocytes and
sera — will provide an opportunity to address the poss-
ible role of inter-person differences in susceptibility to
brain tumours®>-3®, and, in conjunction with the inter-
view data, to evaluate possible gene-environment inter-
actions. Serologic testing for evidence of viral exposures
also is planned. Family history data collected through
this study will serve as a starting point for more detailed
studies of familial associations and brain cancer.

The present study was initiated, in part, because of
concern about the risk of brain cancer associated with
the use of hand-held cellular phones. In response to rec-
ommendations of an international panel of experts 7%,
the International Agency for Research on Cancer
recently organised an international group of investi-
gators who also plan to conduct case—control studies to
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